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Abstract

Background: Regular exercise can alleviate oxidative stress. There are no studies examining changes in this variable as a result of
an intense acute taekwondo (TKD) exercise.
Objectives: We aimed to investigate the effect of one bout of intense TKD exercise on superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT), total antioxidant capacity (TAC), and malondialdehyde (MDA) in adolescent female taekwondokas.
Methods: Ten adolescent female taekwondokas (age: 13.71±2.05 years; body mass index: 19.75±2.83 kg/m2) voluntarily participated
in the present study. They performed one bout of intense TKD protocol. Blood samples were obtained before and immediately after
exercise. Then, SOD, GPx, CAT, TAC, and MDA were measured using the spectrophotometric method. Plasma volume was corrected
using the Dill and Costill equation. Data were analyzed using a paired-sample t test. The significance level was set at P < 0.05.
Results: The results revealed that CAT activity (P = 0.043) and serum TAC level (P = 0.039) significantly increased after TKD exercise.
However, no significant change was found in SOD (P = 0.414), GPx activity (P = 0.196), and MDA levels (P = 0.377) immediately after
exercise.
Conclusions: Collectively, lipid peroxidation did not occur after one bout of intense TKD exercise in adolescent girls, which may be
due to increased TAC levels and the activity of the CAT enzyme.

Keywords: Taekwondo, Superoxide Dismutase, Glutathione Peroxidase, Catalase, Total Antioxidant Capacity, Malondialdehyde,
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1. Background

Oxygen is essential for the life of all aerobic organ-
isms. However, there is growing evidence that 2% to 5%
of the oxygen consumed is converted to reactive oxygen
species (ROS) during respiration in the mitochondrial elec-
tron transport chain (1). Oxygen intake during exercise
is 10 to 15 times the normal condition. Besides, the flow
of oxygen to active tissues increases up to 100 times (2)
so that the ROS generation rate is expected to be higher
during exercise than in normal conditions. Reactive oxy-
gen species contain one or more unpaired electrons that
are continuously produced in all living cells and are un-
able to exist independently. Hence, they react with other
molecules to reach stability. In this context, an increase
in lipid peroxidation has been revealed after acute exer-
cise in various studies (1, 2). Aldehydes, especially malon-

dialdehyde (MDA), have been frequently used as the by-
products of lipid peroxidation in response to exercise (3).
Based on such evidence, it is thought that exercise is de-
structive because it generates ROS. This supposition is not
necessarily true because a living body is equipped with a
well-organized antioxidant system consisting of enzymes
such as superoxide dismutase (SOD), glutathione peroxi-
dase (GPx), catalase (CAT), and numerous non-enzymatic
antioxidants, which neutralize ROS (3).

Exercise can produce a disturbance in the prooxidant-
antioxidant balance depending on its intensity and dura-
tion (1-3). In this context, it has been shown that a mod-
erate weight reduction program resulted in elevated lev-
els of SOD and total antioxidant capacity (TAC) when com-
pared to low and high reduction programs (4). The short-
term cycle sprint test (5) and incremental rowing ergome-
ter (6) may result in a dramatic increase in SOD and MDA in
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sprinter and rower males, while no significant change in
serum GPx occurs (5, 6). Other research findings indicate
a significant increase in serum GPx, CAT activity, and TAC
concentration after a high-intensity cycling test (7). More-
over, eccentric exercise induces a significant increase in
the plasma TAC and MDA levels in sedentary women (8).
In contrast, one study showed that 20-s maximal cycling
sprint anaerobic exercise evoked a significant reduction
in SOD, GPx, and CAT activity 15 min after exercise in non-
trained participants (9). Other studies have not shown any
significant changes in MDA levels and antioxidant enzyme
activities in sera and lymphocytes after acute swimming
(10), prolong cycling exercise (11), and graded exercise test
(12) in trained athletes.

There has been a considerably increasing interest in
the scientific research of taekwondo (TKD) in the last few
decades (13). As a popular combat sport, TKD has been
found as a useful exercise regimen for the physical educa-
tion of students. In this regard, several study groups have
suggested that TKD is effective for enhancing physical fit-
ness and growth development and improving body com-
position in growing participants (14). The TKD athletes,
on the other hand, perform intensified technical training
and physical fitness in the pre-competition training pe-
riod. In this regard, it has been concluded that intense
bouts of exercise have critical effects on physiological func-
tions in elite players who perform intense exercise events
(15). Therefore, this issue has raised concerns among par-
ents and educators.

2. Objectives

To the best of our knowledge, no study has examined
the effect of TKD on oxidant-antioxidant balance in adoles-
cent female taekwondokas. For better clarification of this
issue, the purpose of the present study was to investigate
the effect of one bout of intense TKD exercise session on ox-
idative stress levels in adolescent female taekwondokas.

3. Methods

3.1. Participants

Ten healthy adolescent female taekwondokas (aged
13.71 ± 2.05 years) from Mashhad city (Razavi Khorasan
province, Iran) volunteered to participate in the study, as
notified via advertisement. Identification card informa-
tion was the basis for determining the age of the partic-
ipants. They had at least four years of athletic activity in
TKD. They performed TKD training regularly for three ses-
sions per week in the past four years. Subjects were exam-
ined by a general physician two weeks before the proto-

col started, and none of them had any acute or chronic ill-
ness. The subjects had a history of participating in provin-
cial competitions. Moreover, no subjects were receiving
any drugs, antioxidants, or anabolic-steroid supplements
at the time of the study. All subjects had normal bipha-
sic menstrual cycles (9). The study took place in the off-
season of competitions. Subjects refrained from partici-
pating in any exercise programs two weeks before the on-
set of the protocol. The research protocol was approved
by the Institutional Review Board (University of Bojnord,
Iran) and the Institutional Ethics Committee for Human
Use (IR.IAU.BOJNOURD.REC.1399.005). Besides, all the pro-
cedures followed the 1975 Declaration of Helsinki, as re-
vised in 1996. Moreover, they were encouraged to partic-
ipate voluntarily and allowed to leave the study without
any wrongs, resentment, or discontent. Finally, subjects’
guardians signed a consent form after being informed
orally about the program, its benefits, and potential risks.

3.2. Determination of Body Composition

One week before the test day, the body composition of
the subjects was determined. Body Fat Mass (BFM), Body
Mass Index (BMI), Basal Metabolic Rate (BMR), Fat-free Mass
(FFM), Percentage of Body Fat (PBF), Skeletal Muscle Mass
(SMM), and Waist-to-Hip Ratio (WHR) were measured using
a Bioimpendence body composition analyzer (X-Contact
356 model, Jawon Medical, South Korea) at 9:00 a.m. For
this purpose, participants were asked to empty their blad-
der before the test. They were instructed to stand on metal
footpads with bare feet and grasp a pair of electrodes fixed
on a handle. The anthropometric characteristics are de-
picted in Table 1.

Table 1. Anthropometric Characteristics (n = 10)a

Variables Mean ± SD

Weight (kg) 46.60 ± 10.08

Height (cm) 153.41 ± 13.67

BMI (kg/m2) 19.75 ± 2.83

WHR 0.76 ± 0.03

BFP (%) 21.63 ± 5.88

BFM (kg) 11.45 ± 4.97

SMM (kg) 18.81 ± 4.57

FFM (kg) 33.43 ± 6.87

BMR 360.68 ± 78.03

Abbreviations: BFM, Body Fat Mass; BFP, Body Fat Percentage; BMI, Body Mass In-
dex; BMR, Basal Metabolic Rate; FFM, Fat-free Mass; SMM, Skeletal Muscle Mass;
WHR, Waist-hip Ratio
aData are presented as mean ± standard deviation.
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3.3. Determination of Aerobic and Anaerobic Power

The aerobic and anaerobic power of the taekwondokas
was evaluated one-week before performing the TKD exer-
cise. Aerobic power (as measured by peak oxygen uptake)
was determined using the 12-min Run Cooper Test (16). The
anaerobic power of taekwondokas was determined using
the Running-based Anaerobic Sprint Test (RAST) (17). In
brief, the subject stood at one end of the 35-m track and
started a maximal sprint on the command ’go’. Subjects
sprinted maximally through the line each time. After 10
seconds, the next sprint started from the opposite end
of the 35-m track. This procedure was repeated until six
sprints were completed. Power for each sprint was calcu-
lated according to the following equation: Power = body-
weight of the subject×Distance2 ÷ Time3 (17). The highest
and lowest power outputs were considered as maximum
and minimum power values, respectively. Besides, the av-
erage power of subjects was calculated by dividing the sum
of all the six obtained powers by 6. Finally, the fatigue index
value of the subjects was determined by dividing the differ-
ence between maximal and minimal anaerobic power by
the total time for the six sprints (17). Moreover, the upper-
body explosive power was assayed by a seated medicine
ball chest throw. The lower-body explosive power was as-
sayed by the Sargent jump test. The Sargent jump height
was subsequently used to determine the peak power ac-
cording to the Sayers Equation. Each Each subject had four
attempts interspersed with approximately a 1.5-min rest
between each trial, and the best record from each subject
was used in data analysis. Table 2 summarizes the aerobic
and anaerobic power information of the subjects.

Table 2. Aerobic and Anaerobic Power Characteristics of the Subjects (n = 10)a

Variables Mean ± SD

Peak VO2 (ml/kg/min) 27.25 ± 4.05

Minimum power (W) 90 ± 45.50

Maximum power (W) 1950 ± 72.05

Average power (W) 1352 ± 58.80

Fatigue index 2.34 ± 1.15

Upper-body explosive power (cm) 185.57 ± 45.12

Lower-body explosive power (W) 5383 ± 678.25

Abbreviation: Peak VO2 , Peak oxygen uptake.
aData are presented as mean ± standard deviation.

3.4. Intense TKD Protocol

The current study took place under the supervision of a
qualified and experienced TKD coach at the Mashhad Taek-
wondo Home (Razavi Khorasan province, Iran) one month
after the end of the provincial TKD season (14). The study

began at 11:00 a.m. and lasted for about 1.5 h. The proto-
col started by jogging and plyometric and stretching exer-
cises for 20 min as a warm-up. Then, they performed high-
intensity, short-duration tactical TKD drills for 30 min. Sub-
sequently, the participants were divided into two groups
of 5 with one subject in each group designated as the iron
man. The iron man section lasted for 20 min. Then, pairs
with similar weights and abilities participated in 10-min
matches. During this phase, each athlete competed for
three 120-second rounds with a one-minute break between
the rounds. Finally, the protocol ended with slow jogging
and stretch exercise for 10 min as a cold-down. The par-
ticipants were encouraged to have a short rest when ex-
hausted (14).

3.5. Sample Collection and Biochemical Assays

For the biochemical assays, 7 ml blood was collected
from the participants’ antecubital vein by standard phle-
botomy before and immediately after the acute exercise.
The collected samples were stored under cold conditions
and sent to the Arad medical laboratory (Mashhad, Iran).
The samples were centrifuged (Universal Model, Behdad
Corporation, Iran) at 3,000 rpm for 10 min at 4°C to sep-
arate sera. Serum SOD (#SD125, Randox Laboratories Ltd.,
Crumlin, United Kingdom), GPX (#RS504, Randox Labo-
ratories Ltd., Crumlin, United Kingdom), and CAT (#ZB-
CAT-96A, ZellBio GmbH Corporation, Germany) activities
were calorimetrically assayed according to the manufac-
turer’s instructions. The sensitivity of the CAT kit was 0.5
U/L. The intra- and inter-assay coefficients of variation for
the CAT kit were claimed to be 6.3% and 7.9%, respectively.
Moreover, serum TAC and MDA concentrations were deter-
mined by a colorimetric TAC assay kit (#ZB-TAC-96A, ZellBio
GmbH Corporation, Germany) and MAD colorimetric assay
kit (#ZB-MDA-96A, ZellBio GmbH Corporation, Germany),
respectively. The sensitivities of the TAC and MDA kits were
0.1 mM and 0.1 µM, respectively. The intra- and inter-assay
variation coefficients for TAC were claimed to be less than
3.4% and 4.2%, respectively. The intra- and inter-assay coef-
ficients of variation for MDA were claimed to be 5.8% and
7.6%, respectively.

3.6. Diet Control

One week before the study, the subjects were asked
to record their diets for three consecutive days. The nu-
tritional analysis showed that all participants had a nor-
mal diet regimen. They were prohibited from any intense
training and asked to consume a carbohydrate-rich diet
(glycogen loading) for three days before the acute intense
TKD session. In addition, they were instructed not to con-
sume any antioxidants and anabolic-androgenic supple-
ments before the study. Moreover, a similar light breakfast
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was provided on the morning of the test. They were per-
mitted to have free access to water and drinks when thirsty
(18).

3.7. Statistical Analyses

The obtained data were analyzed using the Statisti-
cal Package for the Social Science version 16.0 (SPSS, Inc.,
Chicago, IL). Initially, the normal data distribution was
checked and confirmed by the Shapiro-Wilk normality test.
Subsequently, a paired sample t-test was used to compare
the mean differences between the pretest and posttest. Be-
sides, the significance level was set at P < 0.05.

4. Results

Concerning antioxidant enzyme activity, the CAT activ-
ity significantly increased from baseline (1.88 ± 0.56 kU/L)
to the post-intervention phase (3.25 ± 1.14 kU/L) (P = 0.043)
(Figure 1A). However, SOD (0.30 ± 0.13 and 0.26 ± 0.06
U/L for pre- and post-intervention phases, respectively) (P
= 0.414) and GPX activity (42.47 ± 9.12 and 45.84 ± 11.76
U/L for pre-and post-intervention phases, respectively) (P =
0.196) did not change significantly after the intervention
(Figure 1B and C).

Concerning the total oxidant status, the serum TAC
level (4,738 ± 176 and 6,114 ± 276 µM/L before and after ex-
ercise, respectively) significantly increased after the proto-
col (P = 0.039) (Figure 2). Besides, MDA, as a lipid peroxi-
dation marker, did not change significantly after one bout
of acute TKD exercise (1,564 ± 398 and 1,670 ± 371 nM for
pre- and post-intervention phases, respectively) (P = 0.377)
(Figure 3).

5. Discussion

To assay exercise-induced oxidative stress, most re-
searchers have evaluated various stress markers in the
blood (1). To the best of our knowledge, this is the first
study of its kind to examine changes in oxidative stress
parameters following one bout of intense TKD exercise in
adolescent female taekwondokas. The main findings were
that after the acute exercise, CAT activity and TAC levels in-
creased, whereas the MDA levels and SOD and GPx activity
remained unchanged.

Antioxidant defense systems resist redox disturbances
in the cell and protect cells from oxidative injury during
intense or prolonged exercise (3). Superoxide, as a promi-
nent ROS, is generated at significant amounts intracellu-
larly, both in the cytosol via flavin-containing enzymes and
in mitochondria, prominently due to the escape of elec-
trons from the respiratory chain (2). It has been docu-
mented that the superoxide anion is dismutated rapidly

via SOD to oxygen and hydrogen peroxide in cellular com-
partments. Hydrogen peroxide can be enzymatically me-
tabolized to oxygen and water by GPx and CAT (1-3). Our
finding is consistent with a study that showed a signifi-
cant increase in serum CAT activity immediately to 48 h
after a sprint test (7). One study has reported no signifi-
cant changes in SOD, GPx, and CAT enzyme activity in ery-
throcytes and lymphocytes in response to 30-min swim-
ming exercise in female swimmers (10). In contrast, Cases
et al. found significant increases in lymphocyte total SOD
activity and levels of CuZn-SOD and Mn-SOD isoenzymes in
response to prolonged exercise (11). Two studies have re-
ported that antioxidant enzyme activity differs overtime
after the end of the exercise (7, 9). Wiecek et al. showed
no significant changes in SOD, GPx, and CAT activity im-
mediately after anaerobic exercise; however, antioxidant
enzyme activity was induced 15 min after exercise (9). Be-
sides, Bogdanis et al. have reported a significant increase
in serum GPx 24 to 48 h after short-term, high-intensity cy-
cling, while no dramatic changes were observed immedi-
ately after the exercise (7). Therefore, part of the discrep-
ancy in results may be because of the differences in the
assay time. Recently, it has been reported that there are
no gender-related differences to attribute to changes in
SOD, GPx, and CAT activity after exercise. It has been con-
cluded that estradiol concentrations correlate negatively
with post-exercise changes in SOD activity in women with
normal biphasic menstrual cycles (19). Joo et al. (2004)
report that free radicals generated during exercise are
more easily scavenged when the estradiol concentration
is higher. Moreover, no correlations have been observed
between the activity of antioxidant enzymes and proges-
terone levels (19). Therefore, the current study was con-
ducted with females who had normal biphasic menstrual
cycles during the follicular phase to eliminate the poten-
tial effects of estradiol levels (9).

Total antioxidant capacity is an analyte frequently used
to assess the antioxidant status of biological samples and
can assay the antioxidant response to the free radicals pro-
duced during exercise (20-23). In this regard, it has been
noticed that a substantial increase occurs at the level of
serum TAC during one bout of intense TKD exercise. These
findings have been confirmed in other studies. Consistent
with the current study, Babaei et al. reported elevations in
the serum TAC level in untrained males who conducted 30
min of aerobic exercise on a treadmill at 75% maximal oxy-
gen consumption, while serum TAC returned to baseline
values 2 and 24 h after exercise (20). In addition, it has been
exhibited that four to six 30-s bouts of high-intensity cy-
cling can induce a significant increase in the concentration
of TAC immediately to 48 h after the test (7). Skenderi et
al. also reported an increase in the serum TAC level in elite
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Figure 1. Effect of acute taekwondo exercise on serum catalase (A), superoxide dismutase (B), and glutathione peroxidase (C) in adolescent female taekwondokas. *Significant
difference compared to pre-exercise.

sportsmen subject to the ultramarathon race Spartathlon
(21). A similar increase in plasma TAC in response to eccen-
tric exercise (Ellestad test) has been reported in sedentary
female students (8). In contrast, no significant changes in
plasma TAC have been found after one bout of incremental
rowing ergometer in Polish rowing athletes (6).

Total antioxidant capacity reflects the cumulative ef-
fect of all antioxidants present in body fluids and is used to
assess a range of diseases in humans and animals (20-23).
In other words, TAC is influenced by all antioxidants in the
blood, such as ascorbate, alpha-tocopherol, beta-carotene,
glutathione, bilirubin, and uric acid (20-23). Studies have
revealed a significant positive correlation between uric
acid and TAC (5, 21-25). In reality, an increase in uric acid in-
creases blood TAC by one-third (20). Uric acid supplemen-
tation also increases serum urate and TAC concentrations
in men and women (22). In this regard, a concurrent in-
crease in serum TAC, uric acid, and bilirubin has been re-

ported immediately after a repeated cycle sprint test (5),
long-distance endurance exercise (21), and long-distance
aerobic exercise (23). Besides, alpha-tocopherol (24) and
ascorbic acid (25) are responsible for up to 10% and 24% in-
creases in plasma TAC, respectively. A 90-min soccer game
has been shown to induce an acute increase in uric acid,
alpha-tocopherol, and ascorbic acid in well-trained female
athletes (26). Peake’s review has pointed out a transient in-
crease in circulating ascorbic acid in the hours following
prolonged exercise (25). It has also been suggested that ox-
idative stress following prolonged endurance exercise is a
stimulus for the release of ascorbic acid from the adrenal
gland (25). Another contributor to the increased plasma
TAC level after exercise is an increase in the reduced glu-
tathione levels of plasma, as proven by one study (8). Col-
lectively, the observed increase in the TAC level after acute
exercise may be rooted in the cumulative effect of serum
non-enzymatic antioxidants.
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Figure 2. Effect of acute taekwondo exercise on serum total antioxidant capacity in
adolescent female taekwondokas. *Significant difference compared to pre-exercise.
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Figure 3. Effect of acute taekwondo exercise on serum malondialdehyde in adoles-
cent female taekwondokas.

In the absence of an antioxidant system, hydrogen per-
oxide can be converted to the hydroxyl radical, which is
extremely reactive and results in lipid peroxidation. Mal-
ondialdehyde reflects lipid peroxidation induced by oxida-
tive stress (1-3). The findings concerning the MDA response
to exercise are controversial in the literature. In line with
our findings, a study addressing oxidative stress in soccer
players showed no significant changes in MDA levels (27).
Babaei et al. found no significant changes in serum MDA
levels after running on a treadmill in sedentary male sub-
jects (20). Additionally, one bout of graded exercise test
increased the serum MDA level in untrained individuals.
However, no significant changes occurred in serum MDA
levels in aerobically and anaerobically trained athletes (12).
Therefore, the level of physical fitness of individuals can af-

fect the response of oxidative stress to exercise (12). More-
over, no significant changes were found in the serum and
lymphocyte MDA levels in response to a five-day cycling
competition in professional cyclists (11). Nonetheless, the
MDA levels increased two hours after the end of exercise
in their study. In contrast, the MDA/cholesterol ratio con-
siderably increased immediately at the end of the ultrama-
rathon Spartathlon race in one study (21). Four consecutive
cycle sprint tests on a cycle ergometer also induced a sig-
nificant increase in blood MDA in male sprinters (5). More-
over, both incremental rowing ergometer at 40 to 90% of
maximal aerobic power (6) and four to six 30-s bout of
high-intensity cycling (7) induced a significant increase in
the concentration of lipid peroxidation product levels im-
mediately to 48 h after exercise. Furthermore, a study by
Norouziyan et al. also demonstrated an increase in plasma
MDA induced by eccentric exercise (8). Malondialdehyde
increases depending on the duration and intensity of ex-
ercise. Gonzalez et al. concluded that aerobic exercise-
induced increment in both uric acid and TAC seems to in-
hibit lipid hydroperoxide generation (23). Therefore, the
non-significant changes in serum MDA in the current study
may be associated with an increase in serum TAC.
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